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SAMPLING of the fluid from oil wells for percentages of oil, emulsified 
oil, and water during the last two years has brought out some interesting 
facts concerning oil-water emulsion. This result led to a laboratory 
investigation of emulsion, which substantiated the conclusions made from 
the field observations. The purpose of this paper is to present the infor
mation collected, the laboratory experiments, and our interpretation of 
the same. In order to define emulsified .oil exactly, give its synthesis and 
origin, and to show how and when it is formed in the wells, the work was 
necessarily divided into two separate lines-laboratory work and field 
observations. It is hoped that this study may lead to a discussion of such 
points so that the petroleum engineer, geologist, or technologist may be 
benefited by its practical bearing on oil-field management. Special 
credit is due Mr. Everett Carpenter, chief geologist of the Empire Gas 
& Fuel Co., for his assistance and cooperation in this work. 

LABORATORY INVESTIGATIONS ON EMULSIFIED OIL 

Laboratory investigations were conducted in an attempt to learn the 
composition and some of the properties of emulsified oil, or B. S., as it is 
more commonly called, also to demonstrate, by laboratory methods, 
how B. S. may be formed under conditions similar to those existing 
at the time a well is being pumped, and how it may be broken down. 
Literature bearing on this subject is widely scattered and very limited in 
scope. Bacon and Hamor define B. S., or bottom settlings, as "earthy 
matter, inert organic matter, or, in the case of Pennsylvanian petro
leum, an emulsion of paraffin wax and water, which accompanies crude 
oil." In this discussion we will limit the term B. S. to that heavy, 
dark-brown emulsion, composed of a physical mixture of water, oil, 
and air with some included inert matter, either organic or inorganic. 

Possibly the first step in a description of this product should be a 
description of its physical properties, but since most operators are quite 

• Published through the courtesy of the Empire Gas & Fuel Co Read before thG 
Tulsa. Section, February, 1919. 
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familiar with emulsified oil, and because the physical discussion will be 
better understood after one is familiar with the microscopic studies, that 
side of the investigation will be presented first. 

A thin layer of emulsified oil under the microscope appears as a yellow
ish to brownish green, solid mass of small bubbles, with an occasional 
larger colorless bubble of water and smaller brownish' globules of oil. 
Fig. 1 shows this relation. All of the large and most of the small, 
colorless bubbles are composed of water surrounded by an oil film. The 
dark spots are bubbles of oil. The dark material surrounding and be
tween the bubbles is oil. The few, very bright small bubbles are air. 

Careful examination shows that 'permanently emulsified oil is com
posed of millions of small bubbles of water that range in diameter from 
0.004 to 0.020 mm., the most numerous having a diameter of about 
0.016 mm. These bubbles are packed very closely together in a medium 
of oil, the average distance between them being less than one-half their 
diameter. Scattered in and among these very small bubbles is a rela
tively small number of larger bubbles of water, which vary in diameter 
from 0.034 to 0.07.0 mm. There is also about one-tenth this number of 
still larger bubbles of water, which vary in diameter from 0.110 to 0 250 
mm. It is about these larger sizes that the very smallest bubbles are 
concentrated. There are a few bubbles of either water or air, with a 
diameter of 0.004 mm., scattered among the "groundmass" of small 
bubbles, which are about 0.016 mm. in diameter; but there are many 
vcry small ones located in the oil film that envelops the large water 
bubbles. This arrangement can be clearly seen by noticing the large 
bubbles of water in Fig. 1. Nearly all of the small bubbles are filled with 
water; a few contain air. If the material is heated very slightly, the 
small bubbles begin a more or less constant motion toward and away from 
the larger bubbles. The motion is eddying in nature and becomes more 
rapid as the heat is increased. Occasionally one of the small bubbles 
drifts away from the (lurrent that causes it to move about the larger 
bubble and moves along the oil passage between the water bubbles of the 
"groundmass," finally attaching itself to some large bubble. 

There are also small globules, or isolated patches of oil, 0.003 to 
0.050 mm. in diameter, trapped among the water bubbles. SOHle of these 
are perfectly spherical in outline while others have no definite shape. 
These globules of oil are usually composed of oil free from foreign matter 
and appear dark reddish brown in color. Some of these may also be seen 
in Fig. 1. 

Air bubbles of any considerable size, that is, over 0.020 mm. in diame
ter, are rarely found in emulsified oil that has stood for any length of 
time. This is probably due to the fact that the films surrounding the air, 
after they reach this size, are easily broken either by mechanical agita
tion of the mass or by expansion of the air due to heating. The air 
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bubbles are surrounded by a layer or film of oil, a film of water, and a 
second film of oil. Fig. 2 shows the oil film on the outside of an air bubble. 
There appears to be a constant shifting or stretching of these films, which 
is most easily seen by watching the water film. The oil films appear to 

FIG. I.-PHOTOMICROGRAPH OF TYPICAL B. S. ~ X 450. 

slide about or change their tension, causing streaks to develop in the 
water film, which appear similar to convection currents or the streams of 
water that move about on the surface of a soap bubble. Possibly this 
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FIG. 2.-0IL FILM AROUND AN AIR 
BUBBLE. X 450. 

FIG. 3 .-WATER FILM BETWEEN THE OIL 
FILMS OF AN Am B ITBBLE. X 450. 

movement is caused , by the heating due to the light from the condenser 
or the microscope, for a large bubble of air seldom lasts over 5 min., in 
the field of view, without breaking; or it may be due to evaporation of the 
lighter constituents in the outer oil film, since such bubbles can only be 
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studied by isolating them in a thin layer with the upper part of the bubble 
exposed to the air. The large bubble shown in Fig. 3 was taken with the 
water film in focus and will give some idea of the irregularities in this 
film. The circular shadows visible are from small bubbles on the 
opposite side of this bubble. 

The purity of the oil that fills the spaces between. the water bubbles 
varies widely with different samples. In some cases the oil is practically 
free from foreign matter, while in others it is very muddy in appearance. 
The water bubbles, in a sample composed of dirty oil, do not have as 
definite sizes as they do in samples that are comparatively free from dirt. 

FIG. 4.-B. S. CONTAINING HIGH PERCENTAGE OF FOREIGN MATTER. X 450. 

Fig. 4 shows a sample containing much foreign matter. In general, it 
was found that the samples that tend to be most permanent are those 
in which the oil contains a large percentage of suspended matter; and 
those samples that are easily broken down contain relatively clean oil. 

DEFINITION OF EMULSIFIED OIL 

The appearance of emulsified oil, under the microscope, is so different 
from that of good crude oil that the two would never be confused by 
such an examination. Of course, there are gradations from crude oil 
to emulsified oil. A sample of good oil, under the microscope, appears 
much the same as it does in a cylinder, with the exception that the foreign 
matter in suspension is visible and an occasional water bubble will be 
seen. As the oil approaches emulsification, the water bubbles become 

VOL. LXv.-2S. 



434 INVESTIGATIONS CONCERNING OIL-WATER EMULSION 

closer and closer together, until finally they appear to be touching .each 
other, when examined with a low-power lens. Just when an oil ceases 
to be crude oil and is to be classified as emulsified depends more on its 
physical appearance and plastic properties than on characteristics re
vealed by microscopic examination. It might be said that oil in which 
the water bubbles are spaced closer together than their diameter should 
be termed emulsified. This definition would fit most cases, but there 
would be exceptions because of the importance of suspended matter in 
forming emulsified oil. An emulsion, containing water bubbles with this 
spacing, that has a low specific gravity and is free from suspended matter 
might be sufficiently mobile to be turned into a pipeline run and the 
entire run treated by a simple heating process. An emulsion having the 

FIG. 5.-B. S. FREE FROM FOREIGN 
MATTER. 

FIG. 6.-B. ti. WITH· HIGH PERCENTAGE 
OF FOREIGN MATTER. 

same spacing of the water bubbles but composed of a heavier oil and 
containing a considerable amount of suspended matter would be quite 
viscous and could be treated only by the use of a complex steaming 
plant. Or, the water bubbles might be twice as far apart and yet the 
emulsified oil would be more viscous than the first sample, because of 
the difference in the character of the oil and the amount of foreign 
matter in suspension. These varying factors make it difficult to establish 
a dividing line between crude oil and emulsified oil, based on microscopic 
examination, although usually such an examination will reveal instantly 
the degree of emulsification, by revealing the spacing of the water bubbles 
and the amount of suspended matter present. 

Figs. 5 to 9 will give some idea of the appearance of different types 
of emulsified oil under the microscope. Fig. 5 shows a sample of per
manent B. S. that is practically free from foreign matter. Fig. 6 shows 
very heavy and dirty B. S. Fig. 7 shows B. S. that contains very little 
suspended matter. In Fig. 8, the sample is only partly emulsified; the 
group of small bubbles in the lower left-hand side marks the place where 
a large air bubble broke just as the picture was being taken. Fig. 9 
shows B. S. that is drying up and shows the coalescing of the water 
pubbles, which causes the irregular shape of the large bubbles. 
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The surface tension of an oil-water contact makes it necessary for 
the water bubbles to be very small in order to have permanent B. S. 
If the water bubbles are large, say 1 mm. in diameter, the masses of 
water in two such bubbles have sufficient attraction for each other and 

FlG. 7.~ DIFFERENT SIZES OF BUBBLES. X 200 ±. 

FIG. S.-PARTLY EMULSIFIED OIL. X 450. 

sufficient force, in case of an impact, to break the film of oil surrounding 
them and thus make a larger water bubble. As this process repeats itself 
and the bubbles increase in size, their weight will cause them to settle 
through the B. S. until the water collects below the emulsion. Or an 
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increase in the . temperature may cause sufficient expansion to break 
the oil film; if the bubble at this time is in contact with the container 
or a water layer below the B. S., the water in the bubble will either 
join that below it or will adhere to the container. If it remains attached 
to the side of the container, the water from other large bubbles may 
be added to it until the large bubble so formed settles to the bottom. 

In the case of very small water bubbles, the force of attraction upon 
impact is not sufficient for the water to break the oil film, neither will 
an increase in the temperature cause sufficient expansion to rupture this 
film. It is a simple matter to join two large water bubbles together by 
puncturing the oil films surrounding them with a needle; but it is prac
tically impossible to join two small water bubbles, say 0.005 mm. in 

FrG. 9.-PHOTOMICROGRAPH OF B. S. WHILE DRYING. X 450. 

diameter, by any amount of patience or skill. Such small bubbles may 
be subjected to rather violent impacts and the tendency is to break 
into even smaller bubbles, rather than to coalesce. 

In a recent article by Harkins, Davies, and Clark, I it is stated that 
"for the emulsoid particle to be stable, the molecules which make the 
transition from the interior of the drop to the dispersion medium, or the 
molecules of the' film' should fit the curvature of the drop. From this 
standpoint, the surface tension of very small drops is a function of the 
curvature of the surface." Their studies have suggested that small 
drops in a~ emulsion tend to be stable only when -the size of the drop is 
such that the molecules in the surface film fit the curvature of the sur-

1 W. D. Harkins, E. C. H. Davies, G. L. Clark: Orientation of Molecules in the Sur
faces of Liquids, etc. Jnl. Amer. Chern. Soc. (April, 1917) 39, 541-596. 
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face. There may be more than one size of bubble in which the number 
of molecules in the surface fit the curvature of the drop. This tendency 
for the water bubbles in B. S. to arrange themselves in definite sizes is 
clearly seen in Figs. 1, 3, 7, and 8. 

PHYSICO-CHEMICAL PROPERTIES OF EMULSIFIED OIL 

The physico-chemical properties of emulsified oil are quite variable, 
and each sample is more or less of an individual problem. The color 
that is most common is a dark, reddish brown, although any color from 
yellowish or greenish to gray or nearly black may be found. The darker 
colors generally contain more suspended matter. 

CLASSES OF EMULSIFIED OIL 

The permanency of emulsified oil may be used as a basis for divi
sion into two classes: Temporarily emulsified oil and permanently emul
sified oil. The two classes cannot be separated by their appearance. 
This fact was brought out by two sets of samples sent to the laboratory. 
When the first set was opened, the glass jars appeared to contain about 
one-third water and two-thirds crude oil. The sampler's attention was 
called to this fact, but he insisted that the samples were" the best look
ing B. S." he had ever seen. A second set came at a later date and about 
half of these had no microscopic resemblance to B. S. when they reached 
the laboratory. The oil from these samples was examined under the 
microscope, and it was found that there were water bubbles present, but 
they were spaced about ten to twenty times their diameter apart. There 
were practically no very small water bubbles present, which indicates 
that this material was not subjected to as violent treatment as is the 
case with permanent B. S. Investigations in the laboratory demon
strated that oil emulsified by a minimum amount of agitation will mostly 
settle out in from one to three days. Of course there will be small 
water bubbles present in the apparently good crude oil remaining, but 
the percentage will be low. 

Permanently Emulsified 01:Z 

Permanently emulsified oil will stand indefinitely and the amount 
of settling out is negligible. This oil is somewhat more viscous than 
"fresh" temporarily emulsified oil, and does not contain as many large 
globules of water, but otherwise the oils appear similar to the unaided 
eye. The specific gravity of emulsified oil falls within rather narrow 
limits, 0.95 to 0.995, although the average is about 0.96 (15.8° Be). 
The oil that separated from temporarily emulsified oil from Augusta 
had an average specific gravity of 0.86 (32.8° Be). The specific gravity 
of the Augusta crude oil used in the laboratory was 0.849 (34.0° Be). 
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Permanently emulsified oil has a very high viscosity. At room tem
peratures there are all gradations from a thick syrupy consistency to a 
near-solid. In many samples a hydrometer placed upon the surface 
will remain there indefinitely. Heat rapidly reduces this viscosity. 
A sample of the most viscous oil, when heated to 1220 F. (500 C.), will 
readily drop from a glass rod. At 167 0 F. (75 0 C.), it has the consistency 
of a thin syrup, and at or. near its boiling point, about 190.40 F. (880 C.), 
it is almost as mobile as water. 

Groups of Permanently Emulsifu3d 01:Z 

In addition to lowering the viscosity, heat also divides permanent 
B. S. into two groups. In the first group, the B. S. separates into water 
and oil shortly after it has been heated to the boiling point, the change 
taking place rather suddenly. Several degrees below the boiling point 
there is no apparent change in the' appearance of the sample, but as soon 
as this temperature is reached the water settles rapidly. 

Samples belonging to the second group may be heated to 221 0 F. 
(105 0 C.) and held at this temperature until all the water and part of the 
oil have been distilled over, and at no time will there be any signs of 
separation of the oil and water in the still. However, in some of the 
samples the water and oil did separate, on standing from 24 to 48 hr., 
after being heated for 1 hr. at 221 0 F. To heat above this temperature 
in an open vesael is impossIble under ordinary conditions, for the material 
begins to froth and boil vigorously between 221 0 F. and 230 0 F. 

The size and number of the water bubbles in these two groups of B. S. 
is approximately the same, but just what is the cause of this marked 
difference in behavior is not fully uuderstood. However, the gravity 
of the oil from which the B. S. was made, and the per cent. of foreign 
material present, appear to be the factors that control this behavior. 

AMOUNT OF W A'fER IN B. S. 

It is the common belief among practical men in the Mid-Continent 
field that B. S. may contain from 1 to 99 per cent. water. If an entire 
pipeline run that contains water is all termed B. S., this statement may 
be true; but if we limit B. S. to that emulsified product which is com
monly recognized to be unfit for the refinery without a preliminary treat
ment to remove the water, this statement is not true. On the other hand, 
the per cent. of water in true B. S. is its most constant factor. In all 
types of B. S., excepting temporary, the water content is very nearly 66 
per cent. This fact was determined by distilling a number of samples 
of B. S. from various sources, including samples that were manufactured 
in the laboratory. An attempt was then made to synthesize B. S. in 
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the laboratory, hoping to learn what are the controlling factors in its 
formation, and more about its properties. 

A 4-oz. oil-sample bottle completely filled with 70 per cent. water 
and 30 per cent. oiP was rotated about a center, at right angJes to its 
length, at a speed of 900 r.p.m. for about. 10 min.; at the end of this time 
there were no signs of emulsification. The bottle was again rotated, 
this time for 2);2 hr., but no emulsification took place. The bottle was 

II 

c 

FIG. lO.-SIMPLE APPARATUS ~OR DEMONSTRATING EMULSIFICATION. 

next placed on an automatic shaker and shaken for 3 hr., but no change 
occurred. Part of the oil and water was then removed and about 10 
per cent. of fine sand was placed in the bottle, which was rotated for 3 
hr., and then shaken for 3 hr., but negative results were obtained as 
before. 

This experiment was repeated using 70 per cent. water and 30 per 
cent. oil, but having the bottle only three-fourths full; in just a few min
utes after the bottle was placed upon the shaking device emulsification 

2 Augusta crude oil was used in all laboratory experiments. 
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began to take place. In 30 min. the entire contents of the bottle had 
been converted into permanent B. S. These experiments indicate that 
air or voids in the fluid, in addition to water and oil, are necessary in 
the emulsification of oil, the air acting as a catalytic agent. 

A simple laboratory apparatus for demonstrating emulsification, 
under conditions more similar to those existing at the time a well is 
being pumped, is shown in Fig. 10. One tube A passes into a beaker 
containing oil, another tube B into a beaker of water, while air could be 
introduced at will through a third C. The graduated cylinder is used 
as a reservoir and the "well" is pumped by a vacuum attached to Lube 
D. Water and oil were first drawn through the column of sand; the 
percentages of each were varied, but under no conditions was more than 
1 per cent. of B. S. formed. But when water, oil, and air were drawn 
through the sand, immediately the percentages of B. S. formed began to 
rise. The" well" was pumped at different rates of speed and variable 
amounts of air were introduced; the amount of B. S. formed ranged from 
1 to 15 per cent. 

If, instead of using fine sand, pebbles, about 0.25 in. (6.35 mm.) in 
diameter or larger, are used and air under a low pressure is introduced 
through a large opening, 0:1875 in. (4.7 mm.) diameter or larger, the 
amount of B. S. formed will be very smaH. For under these conditions 
most of the water and oil pass through the gravel without being broken 
into bubbles small enough to remain permanently emulsified. 

Since, to permanently emulsify oil, it is only necessary to break the 
water present into very small bubbles and then surround these small 
water bubbles with a film of oil before they have an opportunity to coa
lesce, B. S. can be made by blowing air bubbles through water and oil 
in a cylinder. If 67 C.c. of water and 23 C.c. of oil are placed in a 100 c.c. 
graduated cylinder, and air, under 5 to 8 lb. pressures coming from an 
opening about 0.5 mm. in diameter, is allowed to bubble through the 
column of liquid, the entire contents of the cylinder will be converted 
into permanent B. S. within 3 to 5 min. The amount of B. S. formed, 
up to a limiting per cent., will depend on the percentages of water and 
oil present. 

Table 1 gives the results of such an experiment, using various com
binations of oil and water, and agitating for 5 min. with a current of air 
under 5 lb. pressure. The first readings were taken after standing for 
30 min., the second after standing a week. 

The settling out shown in the table is due mostly to large globules of 
water trapped in the B. S. that later worked their way down through 
the B. S. to the water level; and to small amounts of oil rising to the top 
of the B. S. B. S. may also be made by this method if natural gas or 
steam is substituted for the air. 
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TABLE I.-Percentage of B. S. Formed Upon Five-Minute Agitation, 
Using Various Combinations of Oil and Water 

W t P C I Oil, Per Cent. II B. S. After Standing i B. S. After Standing One 
_~, __ :~_ent'_L ~ ___ ~ __ I ~_Minutes,~~ Cent. L_ Week, Per ~~ 

90 10 3 4 
80 20 32 16 
75 25 62 22 
70 30 86 66 
65 35 82 70 
60 40 90 58 
50 50 80 60 
40 60 66 50 
30 70 56 38 
20 80 34. 24 
10 90 18 18 
0 100 0 0 

Table 2 gives the distillation results from three samples of B. S. 
No.1 was taken at a well, No.2 was received from a steaming plant, and 
No.3 is a composite ofthe samples obtained from the experiment shown in 
Table 1. In these experiments, the material was heated from 6 to 8 hr. 
to obtain all the water. The residue is composed of all the oil boiling 
over 105° C., fine particles of shale, sand, and limestone, and a few 
crystals of salt and pyrite, flakes of mica, etc. 

Number of Sample 

1 
2 
3 

TABLE 2.-DistiUation Results 

Oil Distilling below II Water, Per Cent. 
105° C.,· Per Cent. 

10.5 
10.0 
6.3 

66.0 
66.5 
66.0 

Residue and Air. 
Per Cent. 

24.5 
24.5 
21.0 
7.0 air and loss. 

• Distillation runs under 1050 C. to determine the per cent. of water in B. S. 

FIELD INVESTIGATION ON EMULSIFIED OIL 

Oil accumulated at the bottom of a well enters the mechanical parts 
through the perforated tubing. It is drawn, through the standing valve, 
into the working barrel, when the ball is raised from its seat, by the 
vacuum created in the up-stroke. On the down-stroke, the working 
valve opens and allows the fluid to pass into the tubing. It is then lifted 
about 3 ft. by each successive up-stroke until it reaches the surface and 
flows from the well through a lead line to a receiving tank (see Fjg. 11). 
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FIG. 11.-DIAGltAM OF WORXnW PARTS OF PRODUCING OIL WELL. 
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When a sample is to be taken, the check valve on the tank lead line is 
closed so that the fluid coming from the tubing is not affected by the back 
pressure from the tank. The valve on the short lead line is opened and 
the sample is caught in a bucket (see Fig. 12) and allowed to settle 
for about 30 sec. The vertical cylinder is then placed in the guides of the 
bucket, separating a representative column measuring about 90 or 100 
C.c. of fluid, which is drawn off through the small valve in the bottom of the 
bucket. The sample is then centrifuged, the oil, B. S., and water separat
ing out. By plotting the results of such samples, taken every 10 min., 

--f-

:1 

I 
I 

J_ 
4 1 , 

FIG. 12.-DIAGRAM OF SAMPLE BUCKET. 

many irregular conditions have been noted. All producing oil weBs do 
not perform in the same manner; some of the different conditions are 
shown by the accompanying charts. 

Fig. 13 shows the graph of a well producing a high percentage of water; 
there is no emulsion in the fluid. The oil and water remains in about the 
same ratio over a period of 8 hr. The well was pumping about 200 bbI. 
per day when this test was made. Fig. 14 also shows a graph of a well 
making a large percentage of water; there is, however, a small percentage 
of emulsion plotted through the entire time of the test. Fig. 15 represents 
a well producing a large percentage of water and a comparatively large 
percentage of B. S. 

Fig. 16 shows the graph of a well producing a low percentage of water, 
a high percentage of oil, and a comparatively high percentage of emulsion. 
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Fig. 17 illustrates a well that has just pumped-off a head of water, after 
which the percentage of oil suddenly rose and remained about the same for 
some time then gradually decreased. At the time of the increase in the 

OL-____ ~ ____ ~ ____ _L ____ ~ ____ ~ ____ ~ ____ ~ ______ L_ __ ___ 

9:00 10:00 11:00 12:00 1:00 2:00 3:00 4:00 5:00 6:00 

A.M. Time P.M. 

FIG. l3.-GRAPH OF WELL PRODUCING mGH PERCENTAGE OF WATER. 

90 

80 

101--------1-----

9:00 10:00 11:00 12:00 1:00 2:00 3:00 4:00 5:00 
A.M. Time P.M. 

FIG. l4.-GRAPH OF WELL PRODUCING LAROE PERCENTAGE OF WATER AND SMALL 
PERCIIINTAGE 01' EMULSION. 

percentage of oil, the percentage of B. S. rose and continued to increase 
at about the same rate as the oil dropped later. The fluid came from 
the tubing much more slowly as pumping progressed. Fig. 18 shows a 
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greater increase in the percentage of B. S. The amount of fluid produced 
during the last hour was 25 per cent. of the amount pumped during the 
first hour of the test. 
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FIG. I5.-GRAPH OF WELL PRODUCING LARGE PERCENTAGE OF WATER AND COMPARA
TIVELY LARGE PERCENTAGE OF B. S. 

100 

9() 

80 

lA-.AI\>-70 
\I 

60 
~ 
u 
050 

L~G~ND }-_ 
011 B,S, _____ _ .. 

u Water ------------

"'40 

~ i 
80 ,'\/ -~~~?~~---r----~~~-<R?~r-+---~-r----~ 

( '15 ~?r\'t{r-<><> '-o-"'",.(1.'o.?-<r "- >:1' '0..0- -o.-o-.o'?-"" );{ \,_ <>-<>-<f \,. 'tfpJ>.<J 

20 ~----~I~----~----~-----+------~----~-----+----- -----~ 

10 ~----+-----~----4_----~----_+----_i------r_----t_----~ 

o ·.o-~"~'o_'''.L", ',0.. _~, o.'~.o,~'o._ ,~<>'o.,o .. o. .... 'o_,o.,~ "-0,0.'0-'",.,..0' 'O'.o'o..~<>..Lo_<>-o.,c>'o-' '0.<>-".0 

8:30 9:30 10:30 11:30 12:00 1:30 2:30 3:30 4,30 5,30 

A.M. Time P.M. 

FIG. l6,-GRAPH OJ' WELL PRODUCING LOW PERCENTAGE OF WATER, mGB PERCENTAGE 
OF OIL, AND COMPARATIVEIrY mGH PERCENTAGE OF EMULSION. 

Fig. 19 represents the behavior of a well pumping all water for several 
hours; after this was exhausted the percentage of oil increased rapidly. 
The water pumped during the early hours of the test was the water that 
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separated out of the fluid behind the tubing. 
reduced, the oil finally came into the tubing. 
was practically nil. 

As the head of fluid was 
The percentage of B. S. 
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FIG. 17.-GRAPH OF WELL THAT HAS JUST PUMP)!;D OFF HEAD OF WATER. 
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FIG. IS.-SIMILAR TO FIG. 17 BUT SHOWING GREATER INCREASE IN PERCENTAGE OF B. S. 

Fig. 20 is the graph of a well that pumped only () hr. during the day. 
The fluid in the tubing was composed entirely of oil and B. S., which did 
not separate out. The high percentage of water following was probably 
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the accumulation of water behind the tubing, which passed into the hole 
during the shutdown. When the water was about exhausted, the per
centages of oil and B. S. were about the same as when the well was started. 

FIG. 19.-BEHAVIOR OF WELL PUMPING ALL WATER FOR SEVERAL HOURS. 
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FIG. 20.-GRAPH OF WELL PUMPED 6 HR. A DAY. 

A well of this order, when pumping continually, would not show such an 
erratic condition, as there would be no chance for a large~head of water to 
collect in the hole. 
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Fig. 21 shows the action of a well producing an extremely high per
centage of B. S. with small percentages of oil and water. The well was 
shut down for 3~ hr. When pumping was started again, it first pro-
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FIG. 21.-GRAPH OF WELL PRODUCING EXTREMELY mGH PERCENTAGE OF B. S. AND 
SMALL PERCENTAGES OF OIL AND WATER. 

duced the same percentage of B. S. as before. Within 40 min., though, 
the high percentage of B. S. dropped to nothing with a great increase of 
water. At this time, the percentage of oil increased some. In 2 hr. 
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the water was exhausted and the well started to operate with a more regu
lar flow. The influx of water was due to the accumulation of water 
behind the tubing, during the shutdown. 
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Fig. 22 shows a well that was pumping a large amount of fluid at the 
start, the greater percentage of which was oil. As pumping continued, 
the percentage of oil decreased and that of the B. S. increased. There was 
a perceptible rise in the percentage of water too. At the end of the test, 

VOL. LXV .-29. 



450 INVESTIGATIONS CONCERNING OIL-WATER EMULSION 

the well was producing about one-third the amount of fluid that it did at 
first. 

Fig. 23 illustrates the performance of a well from the time the pump 
was started until it was stopped. At first, the well produced a good per
centage of oil, which rapidly decreased to nothing. This ,percentage 
represents the oil that had settled in the tubing during the 12-hr. shut
down previous to starting. After this was pumped out, the well produced 
nothing but water for several hours; oil was then noted. By this time, 
the water in the tubing, behind the tubing, and some that had probably 
heen backed up in the oil sand had been pumped off. The oil that had 
separated out to the top of the water outside of the tubing was being 
pumped. Less fluid was pumped at this time than when only water was 
being produced. During the next 2 hr., the well was producing at about 
the same rate. Undoubtedly, some of this fluid was partly accumulated 
during the shutdown and partly coming into the well during the pumping. 
After this, a decided drop in the amount of production was noted, with a 

. decrease in percentage of water and an increase in the percentage of oil. 
The fluid from this time on was probably coming direct from the sand. 

Fig. 24 shows the performance of an oil well over a period of 33 hr. 
During that time several experiments were tried and the results noted. 
At 9:30 A.M., the pump was started, showing a high percentage of oil, 
which dropped materially within 10 min.; this was the oil that had settled 
out during the shutdown. The well produced a large percentage of B. S. 
for 1}2 hr. From 11: 10 A.M. to 11 :30 A.M., there was a large increase 
in the percentage of oil followed by a sudden and greater drop than before. 

_ This was the oil that had risen to the top of the fluid around the tubing 
during the period of shutdown. From 12 :20 P.M. until 6:20p.M., the well 
was pumping about as fast as oil and water were coming from sand; gradu
ally a big increase of B. S. was noted. From 8:30p.M. until 11:30 P.M., the 
well was shut down. When it started to pump again, the first test reported 
a high percentage of oil, which immediately dropped and the well produced 
fluid in about the same percentages as that before the shutdown until 
1: 50 A.M. At this time an increase in the percentage of oil was noted, 
followed immediately by the correspondingly large increase of water. 

The fluctuations following are the results of quantities of oil and water 
getting into the working barrel in separate bodies. From 4 until 8 
o'clock, the well was operating with about an average percentage of oil, 
B. S. and water. The well was shut down from 8:40 A.M. until 9:20 
A.M. and from then until 11: 20 A.M., it operated about the same as it did 
from 4 A.M. until 8 A.M. At this time there was a noted increase of water. 
The fluctuation of oil and water was due to the separation around the 
tubing during the shutdown. From 12: 10 until 5:30, the well operated 
with a regular, Or normal, flow. 
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An interesting feature of the curve is the fact that after the well had 
been standing idle for a while it produced with a regular and then an 
irregular flow. The average production of the well was about 40 per 
cent. oil, 50 per cent. B. S., and 10 per cent. water. This mixture in the 
tubing did not settle out readily during the shutdown so that when the 
well started producing again it pumped approximately this ratio of fluid 
for the first 2 hr., clearing the tubing of the fluid left there during the idle 
period. While the well was not operating, oil and water filled up behind 
the tubing from the sand, which was pumped largely as clear oil and water 
with comparatively little B. S. after the fluid in the tubing was exhausted. 
When the accumulated head behind the tubing was reduced, the normal 
production returned. This series of conditions followed each shutdown. 
The B. S. content is only important when there is no large head of fluid 
behind the tubing. As shown by the graph, the B. S. content increased 
materially from 6 until 8 P.M., after the normal flow had gone on for 5 hr. 
Pumping was no doubt going on at a faster rate than the production 
from the sand so that gas, air, or voids in the fluid column were admitted 
and the oil emulsified to a greater amount. 

Referring again to Fig. 23, the following computation was made to 
determine the amount of fluid at different times during the test. During 
the first hour (10: 10 to 11: 10 A.M.) of pumping the average of oil content 
was 83 per cent. The beam was making 15 strokes per minute and it 
took two strokes to fill a bucket of 7 qt. (6.61.) capacity. Consequently, 
this is equal to 786 gal. (29751.) per hour or about 18.7 bbl. per hour. If 
the oil content is 83 per cent. of this fluid, the amount of oil pumped dur
ing this period is 15.52 bbl. For the next 6>~ hr., the well producedprac
tically no oil. 

From 5: 20 to 7: 20 P.M., the well was producing about 20 per cent. oil. 
The beam was making 15 strokes per minute and it took four strokes to 
fill a bucket of 7 qt. capacity. This is equal to 393.6 gal. (14901.) or 
9.37 bbl. of fluid per hour. If the oil content is 20 per cent. of this fluid, 
the amount of oil pumped during this period is 3.75 barrels. 

From 7: 20 to 10: 00 P.M., the well was producing about 25 per cent. oil. 
The beam was making 15 strokes per minute and it took six strokes to 
fill a bucket of 7 qt. capacity. This amount is equal to 262.2 ga.l. (9921.) 
or 6.24 bbl. of fluid per hour. If the oil content is 25 per cent. of this 
fluid, the amount of oil pumped during this period is 4.16 barrels. 

The total amount of oil produced is: 15.52 + 3.75 + 4.16 = 23.43 
bbl. The total amount of B. S. and water produced is: 115.38 + 14.99 
+ 12.48 = 146.04 bbl. The total amount of fluid is: 23.43 + 146.04 
= 169.47 bbl. During the 12-hr. shutdown, the oil and wa.ter were 
allowed to accumulate in the well. The tubing remained full of fluid 
as it was when pumping was started. The fluid entering the well filled 
up behind the tubing. 
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The following computation shows the amount of time required for the 
raising of the fluid at the bottom of the well to the top: Area of 3-in. 
tubing is 7.06 sq. in. Area of %-in. rods is 0.44 sq. in.;difference, 6.62 sq. 
in. The number of cubic inches in 1 ft. of 3-in. (76-mm.) tubing is equal 
to 6.62 by 12 in. or 79.44; then 2.91 ft. of 3-in. tubing contains 1 gal. of 
fluid. The depth of the well, 2425 ft. (739 m.), divided by 2.91 is equal to 
the number of gallons of fluid in the tubing, which is 833.3 gal. or 19.84 bbl. 
Pumping at the rate of 18.71 bbl. per hour, the time that it would require 

to empty the tubing would be i~:~~ which is equal to 1.06 hr. or 1 hr. 

4 min. It will be noted by the graph that the big influx of water came 
in 1 hr. 10 min. after the well started to pump. 

Referring to Fig. 24, the following computation has been made to show 
the amount of time required in this well for the raising of the fluid from 
the bottom to the top. The depth of the well (2475 ft.) divided by 2.91 
is equal to the number of gallons of fluid in the tubing, which is 850 gal., 
or 20.2 bbl. Pumping at the rate of 8.71 bbl. per hour, the time required 

to empty the tubing would be ~~7~ which is equal to 2.32 hr. or 2 hr. 

19 min. The well was pumped at the above rate beginning at 11 :30 P.M. 

and the time required for the first big fluctuation to occur was 2 hr. 
20 min. These figures give an idea of the time required to pump the 
fluid from the tubing and the variation of the same in different wells. 

The question naturally arises as to whether or not the separation of oil 
and water while passing through the tubing is sufficient to cause a dis
crepancy in the ratios of oil and water in each unit volume as it flows from 
the bleeder, and the ratio of the fluids as they enter the perforations. In 
other words, after the well has pumped the full column of fluid in and be
hind the tubing, are the proportions of oil and water at the bleeder the 
same as they are in entering from the sand? The rate of separation of oil 
globules in a water column depends on the difference in the specific 
gravity of the two liquids, the temperature of the same, and the size 
of the globules. If the full column of fluid is lifted 2500 ft. (762 m.) in 1 or 
2 hr., certainly that time is sufficient for considerable separation if the 
fluid remains quiet. However, it has been noted by experiment that a 
slight stirring will prevent any separation of the fluids, and since the 
rods are constantly flapping through the fluid column, it seems that any 
tendency to separate while pumping would be greatly if not altogether 
reduced. Moreover, if the water from each unit volume should be con
stantly descending to the next unit volume etc. all the way down the 
column, the bleeder would still receive something of the same ratio, 
only apparently at Jater time. 

From a number of the curves, it will be noted that after a well has 
been pumped for several hours, the ratios of oil, B. S., and water tend to 
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remain nearly constant, without large or rapid fluctuations. This may 
continue for a long time, only after the fluid head behind the tubing has 
been reduced. For that and the above reasons, we have considered the 
ratios at the bleeder when the fluid head is once reduced to be the same 
as the ratios of water and oil entering from the sand and have called this 
the "normal flow." 

CONCLUSION 

Permanent B. S. is an emulsion of very small water bubbles in oil 
having a diameter generally less than 0.5 mm. The oil may be relatively 
clean or it may contain variable amounts of suspended matter. There are 
generally a few air bubbles present. 

The behavior of B. S. on heating may be used as an economically 
important basis for division into two groups. In the first group, the 
water separates from the oil rapidly with a small amount of heating. 
In the second group, the water can be removed only by distillation. 

To form :B. S., it is necessary to have present, in addition to oil and 
water, either air, a gas, or voids in the continuity of the fluid, i.e., a break 
in the fluid. 

The percentages of oil, B. S., and water vary in the individual wells; 
each well is a problem in itself. 

A small steady amount of B. S. is probably due to bad valves and cups. 
Percentages of B. S. are increased as the column of fluid around the tubing 
is exhausted; such a condition allows air to enter the working barrel or a 
break to occur in the column of fluid. This condition is responsible for 
large amounts of B. S. The bubbles of the different liquids and gases are 
made smaller and consequently more stable by the whipping of the rods. 

The maximum efficiency of a pumping well, which is producing both 
water and oil, is obtained when the fluid level is kept above the perforated 
tubing and below the point where the accumulated head of water would 
stop the flow of oil into the hole, and when the fluid is pumped at the same 
rate that it comes from the sand. Such conditions can only be deter
mined by a special test of the individual well. 

DISCUSSION 

A. W. AMBROSE, Washington, D. C.~Did you make any analysis of 
the amount of emulsion at the well and after you flowed it through a 
lead line to the storage tank? 

E. A. TRAGER.~B. S. can be formed in passing through a lead line by 
the friction due to the roughness of the pipe and the irregularities at the 
joints. 

R. W. MOORE. Did you find the percentage of water to be limited to 
the percentage of oil in the emulsion which formed? 
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E. A. TRAGER.~ Yes, the percentage is about 67 per cent. water and 23 
per cent. oil. 

R. W. MooRE.-If you added more water would the emulsion be 
permanent? 

E. A. TRAGER.-Yes, it would be permanent, but the excess water 
would separate out. 

THE CHAIRMAN (C. W. WASHBURNE, New York, N. Y.).-Did you 
use hot or cold water in these experiments? 

E. A. TRAGER.-It makes no difference which is used. We tried to 
determine whether the composition of B. S. formed in the presence of 
excess water would differ from that formed in the presence of excess oil. 
The percentage composition in each case appears to be the same. 

F. G. COTTRELL, Washington, D. C.-In electrical demulsification 
experiments in the West a number of years ago, we found no lower limit 
to the size of globules in an emulsion that could be dealt with, and I 
believe this has been borne out in the operation of the commercial plants 
that grew out of this work and are in operation today. I am therefore 
surprised at the results that Mr. Trager has secured, and am inclined to 
think that he may not have applied the treatment in the same way, 
because it was with those very fine emulsions that we were working in our 
experiments. 

E. A. TRAGER.-The chemical laboratory worked on this same sub
ject and tried using a high voltage current to break down the emulsion, 
but the results were not commercially practical for it was found necessary 
to treat fine emulsions several times before they were completely broken 
down. 

F. G. COTTRELL.-Do you know the details of the experiments-the 
voltages and conditions? 

CHAIRMAN WASHBURNE.-I believe you used high voltages in your 
experiments did you not, and alternating current? 

F. G. COTTRELL.-Yes. 

CHAIRMAN WASHBURNE.-It seems to me, since there is no doubt that 
every globule must have its charge of static electricity, the smaller the 
globule, the easier it would be moved by electrical currents and discharges. 
The normal static charges will be of like kind and proportional to the 
surface area of the globules of oil which will vary with the square of the 
radius, while the volume to be moved will be proportional to the cube of 
the radius. It is very evident, from the consideration of squares versus 
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cubes, that it must be easier to combine large drops than small ones, 
because the smaller they are, the easier it is for these little static charges 
to keep the globules from quite touching each other. These are all 
technical questions and of value in the manipulation of oil emulsions. 
In the geological sense, there can be no emulsion. In unlimited time, 
the globules must come together and coalesce into larger bodies, thereby 
destroying the emulsion. 

E. A. TRAGER.-I had a discussion with Dr. Born (chief chemist) 
on the subject of electrical treatment of emulsions and the following are 
the conclusions arrived at: The smaller bubbles, as Mr. Washburne 
says, move toward the electrode with greater speed, and when two such 
bubbles collide or when these small bubbles strike the electrode, the 
tendency is rather to break down into even smaller bubbles than to 
coalesce. The larger bubbles apparently move more slowly and when 
two meet they coalesce quite readily. 

F. G. COTTRELL.-There are two entirely distinct technical processes 
which are often confused with one another. One is the electrical pre
cipitation of suspended particles out of a gas with a direct or at least 
unidirectional current, and the other is the demulsification of liquid 
mixtures using an alternating current. The fundamental phenomena on 
which these are based are quite different as they are actually carried out. 

In the first case, the suspended particle takes a charge by convection 
from one electrode, and then is driven over and deposited on the other 
electrode. In the case of the demulsification of the oil and water mix
tures with the alternating current, however, there is no steady migration 
toward either electrode. The field is continually reversing so the only 
tendency is for the irregularly distributed globules of water to arrange 
themselves along the shortest lines between the electrodes. With a very 
fine emulsion, you may easily observe this through a microscope, the 
globules forming chains and gradually coalescing along these chains. In 
all probability, the apparent contact is not directly between the actual 
oil in the globules but is a contact of a film of impurities projected to the 
surface of the globules. With perfectly pure paraffin-oil and water, it is 
very difficult, if not impossible, to make a reasonably permanent emulsion, 
but by adding a trace of some resin or similar substance to the oil, the 
emulsion becomes stable at once. In crude oils there are varying 
amounts of such material. Large drops tend to flow together and break 
through that film by the force of gravity. As the size of the globules 
decreases, a limit is reached where that force is no longer sufficient to 
press the globules together sufficiently to break through these films, but 
if the globules are polarized by being brought between the electrodes, 
it may be possible to puncture that film enough to make them coalesce. 
That is the picture of the process I have formed from watching it under 
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the microscope and from the general action I have seen in the electric 
treaters. In the case of the demulsifying process, it is not a matter of 
electricity being actually discharged from one electrode to the globule, 
but of the water being a better conductor, and of the consequent tendency 
for water bubbles to arrange themselves in the oil along the shortest lines 
between the electrodes. This finally brings the globules into contact and 
causes their coalescence. 

R. W. MooRE.-Did you use distilled water, and what type of oil? 

E. A. TRAGER.-In these experiments we used ordinary city water 
which comes from the river and contains considerable inorganic matter. 
The oil was Augusta crude. 

R. W. MOORE.-Were any chemical means taken to bring down the 
emulsion, such as treating the emulsion with saIts? 

E. A. TRAGER.-We found nothing that would treat all types of 
emulsion and do it economically. 

CHAIRMAN W ASHBURNE.-Were any of these experiments repeated 
with different oils? Sometimes one emulsified oil will act very differently 
from another, although both come from the same field. 

E. A. TRAGER.-We used oil from eight or ten wells, but all the wells 
were in Kansas. 

CHAIRMANWASHBURNE.-Can you tell us anything about the 
chemical means of separating emulsions? 

E. A. TRAGER.-I believe a process is now being used in Oklahoma 
that employs sodium salts and various other compounds (preparations 
similar to soft soap), but I do not know whether or not they are com
mercially successful. 

R. W. MooRE.-Where the oil is emulsified in the water, heat under 
pressure was worked out very nicely in some of the European products, 
particularly in lubricating oil. There is a very rapid separation, so, if a 
man is treating lubricating oil under a heavy pressure, he can throw that 
in his tanks and get a very rapid separation by purely, we may say, 
mechanical and not chemical means. 

CHAIRMAN W ASHBURNE.-Is pressure an essential part in that 
operation? 

R. W. MooRE.-I do not know. It is claimed that under ordinary 
conditions of heating they got no separation but with the oil and water 
emulsion under about 60 lb. pressure they did. 
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R. E. COLLOM, * Washington, D. C. (written discussion).~The writer 
disagrees with the definition and use of certain terms in the paper. The 
second paragraph says: "Laboratory investigations were conducted in 
an attempt to learn the composition and some of the properties of emulsi
fied oil, or B. S., as it is more commonly called. In this discussion 
we will limit the term B. S. to that heavy, dark-brown emulsion com
posed of a physical mixture of water, oil,· and air with some included inert 
matter, either organic or inorganic." 

The abbreviation B. S., in oil-field practice, is never properly applied 
to an emulsion. B. S. may contain some emulsion in the form of sludge, 
which is a mixture of mud-derived from clay or shale-and emulsified 
fluid. But B. S. means "bottom sediments" or "bottom settlings" and 
such sediments are entirely different and distinct from oil-water emulsions. 
Bottom sediments contain certain definite ingredients of oil-well produc
tion that have no commercial value. They include sand, mud, sludge, 
and other semisolid material. Oil-well emulsions, when properly treated 
by electric dehydrators or other means, give up certain quantities of 
valuable oil. The term B. S. certainly excludes the greater bulk of emul
sions, which are nothing more or less than mechanical mixtures of oil and 
water. The writer prefers the use of the word" sludge," rather than the 
abbreviation B. S., for the particular physical mixture-in bottom sedi
ments-containing emulsion. 

Emulsified fluids vary in their combined proportions of oil and water. 
The gravities of the oil undoubtedly control the proportion of oil and 
water in emulsified mixtures. Light oil will carry less free water in sus
pension than heavy oil but an emulsion of light oil and water will show a 
higher water content than one of heavy oil and water. If the Baume 
gravity of the pure oil in emulsion is known, a fairly close figure for the 
percentage of water in the emulsion may be determined in the following 
manner. Baume gravities are proportional to volumes. The Baume 
gravity of water is 10. The Baume gravity of each fluid, multiplied by 
the respective percentage of volume of each fluid and divided by the sum 
of percentages of volume, or 1, equals the Baume gravity of the emulsion. 
That is, where 

p = gravity of pure oil; 
w = gravity of water; 
e = gravity of emulsion; 
x = per cent volume of pure oil; 
y = per cent volume of water; 
px+wy x+y = e x + y = 1.0 x = 1 - Y 

P - py + wy = e p - y (p - w) = e 
e, p, and ware known, solve for y. 

* Petroleum Technologist, U. S. Bureau of Mines. 




